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2015-Pos Board B1
The Application of Hybrid Methods to Study Complex, Multi-Domain Pro-
tein - RhoA-SpecificGuanidine Nucleotide Exchange Factor - PDZ-RhoGEF
Jakub A. Bielnicki.
As the focus of structural biology shifts towards studies of increasingly com-
plex, multi-domain proteins and their complexes, the use of hybrid methodol-
ogies is becoming a necessity. Here, we present our findings regarding the
mechanism of regulation of a multi-domain, RhoA-specific guanine nucleotide
exchange factor, PDZ-RhoGEF (PRG). PRG belongs to a small family of RGS
GEFs and is an important component of the ‘RhoA cycle’.
Activity of RhoA is tightly regulated by a sophisticated interplay between three
proteins - guanine nucleotide exchange factor (RhoGEF), GTPase-activating
protein (RhoGAP), and guanine nucleotide dissociation inhibitor (RhoGDI).
GEFs catalyze the exchange of a nucleotide on RhoA, and consequently cause
RhoA activation. Active RhoA transmits signal to its effectors (e.g. Rho-
dependent kinase (ROCK)), and consequently triggers a number of physiolog-
ical responses, including reorganization of actin cytoskeleton, neurite retraction
and neuronal morphogenesis, and Ca2þ - sensitization of smooth muscle.
The classical paradigm for regulation ofmultidomainGEFs states that these pro-
teins are autoinhibited by the supramodular arrangement of their domains,which
may interfere with the binding of upstream and downstream binding partners,
and that a combination of inter-protein interactions initiates a conformational
change, leading to the relief of autoinhibition. Using a broad array of biophysical
and biochemical techniques, including SAXS, EPR, DLS, CD and others, we are
investigating the structure of several multidomain constructs of PRG and we
present current data suggesting a functional role for interdomain linkers.
2016-Pos Board B2
The Conformation and Activity of Membane-Bound HIV Nef Studied by
Neutron Reflectivity
Michael S. Kent, Jaclyn K. Murton, Sushil Satija, Bulent Akgun,
Hirsh Nanda, Joseph E. Curtis, Jaroslaw Majewski, John R. Engen,
Christopher R. Morgan.
Nef is one of six HIV-1 accessory proteins and directly contributes to AIDS pro-
gression. Nef has no catalytic activity but instead realizes its functions by inter-
acting with cellular proteins. Nef is myristoylated on the N-terminus, associates
with membranes, and may undergo a transition from a solution conformation to
a membrane-associated conformation. It has been hypothesized that conforma-
tional rearrangement enables membrane-associated Nef to interact with cellular
proteins. Despite its obvious disease importance, there is little or no direct
information about the conformation of membrane-bound Nef. In this work we
used neutron reflection to reveal details of the conformation of membrane-
bound Nef. The conformation of membrane-bound Nef, and its ability to bind
to the SH3 domain of Hck, was found to depend upon the mode of membrane
binding. In solution Nef in known to bind the SH3 domain of Hck with high
affinity (kd = 250 nM). In one mode, Nef was bound through an N-terminal
His tag to Langmuir monolayers of DPPC mixed with a synthetic metal-
chelating lipid (Biophys. J. 99, 1940, 2010). In that case, for a range of pH
and salt concentration the core domain of membrane-bound Nef lies within
a few angstroms of the lipid headgroups and a portion of the protein, presumably
from the N-terminal arm, is inserted. In this conformation, Nef does not bind the
SH3 domain of Hck. However, upon binding to negatively-charged membranes
in absence of an interaction through the N-terminus, the core domain of Nef is
displaced from the membrane, and binding of SH3 occurs. The ramifications of
the these results for the actions of Nef in-vivo will be discussed.
2017-Pos Board B3
Double Electron-Electron Resonance and 1H-15N HSQC Spectral Analy-
sis as Means to Understand the Effects of Single and Multiple Site Muta-
tions in the HIV-1 protease
Ian Mitchelle, S. De Vera, Mandy E. Blackburn, Luis Galiano,
Adam N. Smith, Ben M. Dunn, Gail E. Fanucci.
In this study, site-directed spin labeling coupled with electron paramagnetic
resonance (SDSL-EPR) was used to probe changes in the conformational sam-
pling of subtype B human immunodeficiency virus type 1 protease (HIV-1PR)
attributed to the active site mutation D30N and the non-active site mutations
M36I and A71V. Double electron-electron resonance (DEER) was employed
to derive distance distribution profiles for each MTSL-labeled construct. Those
with double mutations (D30N M36I and D30N A71V) exhibited higher per-
centage of the closed conformation while that with triple mutation (D30NM36I A71V) has a higher percentage of wide-open conformation relative to
wild-type. The percentage semi-open conformation markedly decreased in
the former constructs while it is comparable to wild-type for the latter.
Meanwhile, 1H-15N heteronuclear single quantum coherence (HSQC) spectra
were obtained for HIV-1PR constructs with single (M36I), double (D30N
M36I) and triple mutations (D30N M36I A71V), and were compared to that
of the wild-type. HIV-1PR residues that have marked chemical shift perturba-
tions as a result of an active or non-active site mutation were identified. Non-
active site mutations occurring at the flap elbow (M36I) or beta-sheet core
(A71V) of the protease were found to affect chemical shift more than the mu-
tation at the active site pocket (D30N). Information gained from single-point
mutation-induced changes in the conformational sampling and dynamics of
the HIV-1PR may provide key insights on the mechanism of drug resistance.
2018-Pos Board B4
Multple Active Forms of UmuD Protein that Regulates Bacterial
Mutagenesis
Penny Beuning, Jaylene N. Ollivierre, Jacquelyn Sikora.
The SOS mutagenesis pathway in Escherichia coli involves the induction of at
least 57 genes in response to DNA damage, including the umuD gene products.
The homodimeric umuD gene products play key roles in regulating the cellular
response to DNA damage. UmuD2 is composed of 139-amino acid subunits and
is upregulated as part of the SOS response. Subsequently, damage-induced
RecA/ssDNA nucleoprotein filaments mediate the slow autocleavage of the
N-terminal 24-amino acid arms of UmuD2 yielding UmuD
0
2. Several models
have been proposed wherein the N-terminal arms of UmuD2 are in the cis or
trans conformations, with elbows up or down. These conformational variants
expose multiple binding surfaces that may interact with other proteins.
UmuD2 and UmuD
0
2 make a number of distinct protein-protein contacts with
DNA polymerases and other proteins that both prevent and facilitate potentially
mutagenic translesion synthesis. Wild-type UmuD2 and UmuD
0
2 form excep-
tionally tight dimers in solution; however, we show that the single amino-
acid change N41D generates stable, active UmuD and UmuD0 monomers that
functionally mimic the dimeric wild-type proteins. The UmuD N41D monomer
is proficient for cleavage and interacts physically with DNA polymerase IV
(DinB). Furthermore, the N41D variants facilitate UV-induced mutagenesis
and promote overall cell viability. Taken together, these observations show
that a monomeric form of UmuD retains substantial function in vivo and in vitro.
2019-Pos Board B5
Pathway for Transmembrane Signaling in the Bacterial Ferric Citrate
Transporter FecA
Audrey Mokdad, Ali K. Khan, David S. Cafiso.
FecA is an outer-membrane TonB-dependent transporter, which binds and
transports ferric citrate into the periplasm. FecA is also one of a number of
TonB-dependent transporters which regulate its own transcription. FecA con-
tains a Ton box, which interacts with the inner membrane protein TonB, as
well as an N-terminal signaling motif, which interacts with the inner membrane
protein FecR and up-regulates FecA expression. Site-directed spin labeling has
been used to study the signal-transduction pathway through FecA. We have
shown that mutants that interfere with transcriptional signaling also interfere
with a substrate-induced unfolding of the Ton box, indicating that the two pro-
cesses share a common pathway. We have also used double electron-electron
resonance (DEER) to measure distances and determine the position of the
N-terminal signaling motif of FecA in the periplasmic space using simulated
annealing. The position of this motif has been determined in the presence
and absence of substrate, and provides an indication of the molecular mecha-
nisms that may underlie transcriptional signaling.
2020-Pos Board B6
P53-Response Element Complex Organization is Dominated by Lys120
Interactions with Variant Nucleotides
Yongping Pan, ruth Nussinov.
p53 and its response element system can serve as a paradigm in studies of how
allosteric perturbations in transcription factors (TFs) triggered by small
changes in DNA response element (RE) sequences, can spell selectivity in
co-factor recruitment. p53-REs are 20-base pair (bp) DNA segments specifying
diverse functions. The number of p53-REs is estimated to be in the thousands,
many of them sharing a common motif. A key question is then how does the p53
protein recognize a particular p53-RE sequence among all the similar ones?
Here, representative p53-REs regulating diverse functions including cell cycle
arrest, DNA repair, and apoptosis together with artificial REs in complex with
p53 monomer, dimer and tetramer, were simulated in explicit solvent. Among
the major interactions between p53 and its REs involving Lys120, Arg280 and
Arg248, the bps interacting with Lys120 vary, while the interacting partners of
other residues are less so. We observe that each p53-RE quarter site sequence
Tuesday, March 8, 2011 375ahas a unique pattern of interactions with p53 Lys120. It is thus proposed that the
allosteric, DNA sequence-induced conformational changes at the altered
Lys120 interactions are amplified and propagated to the whole tetrameric com-
plex, reflected in changes in the overall p53 organization and in the p53 surface
topology and residue fluctuations which play key roles in selective co-factor
recruitment.
2021-Pos Board B7
K11-linked Diubiquitin Exhibits Significant Interdomain Dynamics
Carlos A. Castaneda, Tanuja Kashyap, David Fushman.
Polyubiquitin chains signal for a wide array of cellular processes, including
proteasomal degradation and DNA repair. We hypothesize that the diversity
of signaling outcomes stems from the variability in structural and dynamical
properties of polyubiquitin chains linked at one of seven different lysine resi-
dues (K6, K11, K27, K29, K33, K48 or K63). K11-linked polyubiquitin chains
have been found to play an important regulatory role in cell division[1]. While
crystal structures of K11-linked diubiquitin have been solved recently[2,3], sig-
nificant differences in Ub-Ub orientation and arrangement between the two
structures suggest interdomain flexibility.
Here we characterize the solution properties of K11-linked diubiquitin using
NMR spectroscopy. Residual dipolar couplings, standard 15N relaxation mea-
surements, and paramagnetic relaxation enhancements (PRE) all suggest sig-
nificant interdomain dynamics, even though the individual ubiquitins behave
as rigid monomeric ubiquitin entities. PRE data suggest that K11-linked diubi-
quitin can form a hydrophobic Ub-Ub interface for at least part of the time, sim-
ilar to the Ub-Ub interface in K48-linked diubiquitin. Titration studies suggest
that K11-linked diubiquitin interacts with ubiquitin-binding domains with in-
termediate affinity between that of K48-linked and K63-linked diubiquitin.
Our solution data strongly suggest that K11-linked diubiquitin exhibits
structural and dynamical properties different from either K48-linked or K63-
linked diubiquitin.
1. Williamson, A. et al. PNAS 106, 18213-18218 (2009).
2. Bremm, A., Freund, S.M.V. & Komander, D. Nat Struct Mol Biol 17, 939-
947 (2010).
3.Matsumoto, M.L. et al. Molecular Cell 39, 477-484 (2010).
2022-Pos Board B8
Monitoring of Protein Conformational Changes Upon Interaction with
Low Molecular Weight Compounds by QCM-D and its Application to
Drug Discovery
Erik Nileba¨ck, Fredrik Westberg, Johanna Deinum, Sofia Svedhem.
We demonstrate viscoelastic sensing of the interaction between surface-
immobilized plasminogen and low molecular weight compounds by the quartz
crystal microbalance with dissipation monitoring technique (QCM-D). QCM-D
measures changes in acoustically coupled mass at the sensor surface (related to
the resonance frequency of the crystal, Df), including both actual biomolecular
mass and liquid medium associated with it, as well as the viscoelastic properties
of material adsorbed to the
sensor (related to the en-
ergy dissipation of the
crystal oscillation, DD).
Upon binding of com-
pounds which are known
to induce conformational
changes in the plasmino-
gen structure, distinct, al-
though small, Df and DD
responses were recorded
and used to determine affinity constants. These results were compared to
SPR data for similarly prepared surfaces, where the sensing principle is funda-
mentally different. We conclude that the observed dissipation shifts were
caused by conformational changes in the protein leading to changes in the vis-
coelastic properties of the protein layer on the surface. These results exem-
plifies the application of QCM-D for drug discovery, a field where this
technique is so far relatively unexplored.
Nileba¨ck et al., Anal. Chem., 2010
2023-Pos Board B9
Isotope-edited FT-IR Spectra of Hexamers of aAminoisobutyric Acid
Matthew A. Kubasik, Steven F. Hannigan.
Isotope-edited FT-infrared spectra of the Amide I region of hexamers of alpha-
aminoisobutyric acid (Z-Aib6-OtBu) have been collected in order to explore the
effects of 13C=O enrichment on the FT-IR spectra in the conformational con-
text of 310 helices. Oligomers of Aib are known to adopt predominantly 310
helical structures, even at short peptide lengths. The Amide I band is sensitive
to the details of peptide secondary structure, but the competency of this band todistinguish between alpha- and 310 helical secondary structure remains an open
question. The 310 helix is shorter than an alpha-helix of the same number of res-
idues and exhibits an i to iþ3 hydrogen bonding pattern, instead of an i to i þ4
pattern of the alpha-helix. These differences bring amide oscillators of a 310 he-
lix slightly closer in space and in shorter periodicity of hydrogen-bonding part-
nership as compared to an alpha-helix. We have collected infrared spectra of
isotopomers of hexamers of Aib (e.g., Z-Aib-Aib-Aib-Aib-Aib-Aib-OtBu
and Z-Aib*-Aib-Aib*-Aib-Aib-Aib-OtBu, Aib* = 13C enrichment at *C=O)
in dichloromethane (a nonpolar aprotic solvent) and methanol (a polar, protic
solvent) to examine the effects of carbon-13 enrichment on the spectra. Differ-
ences between the spectral lineshapes and isotopically-induced shifts
(~40 cm1) of the Amide I bands of these peptide isotopomers in these two
solvents will be discussed.
2024-Pos Board B10
Planck-Benzinger Thermal Work Function: Thermodynamic Character-
ization of the Carboxy-Terminus of P53 Peptide Fragments
Paul W. Chun.
The thermodynamic parameters for six p53 carboxy-terminus peptide frag-
ments as determined by analytical ultracentrifugal analysis were compared
over the experimental temperature range of 275-310 K to evaluate the Gibbs
free energy change as a function of temperature, DGo(T), from 0 to 400 K using
our general linear third-order fitting function, DGo(T) = a þ bT2 þ gT3. Data
obtained at the typical experimental temperature range are not sufficient to ac-
curately describe the variations observed in the oligomerization of these p53
fragments. It is necessary to determine a number of thermodynamic parameters,
all of which can be precisely assessed using this general third-order linear fit-
ting function. These are the heat of reaction, innate temperature-invariant en-
thalpy, compensatory temperatures and the thermodynamic molecular switch
occurring at the thermal set point. The temperature-invariant enthalpy for each
of the six p53 peptide fragments was found to be: Lys319-Ala347, 10.92 kcal
mol1; Lys319-Lys351, 24.75; Lys319-Gly360, 54.86; Lys319-Asp393,
203.20; Ser303-Asp393, 140.43; and Ser303-Gly360, 49.69 kcal mol1. While
the role of the C-terminus in sequence-specific DNA binding has been debated,
these results suggest that the C-terminal end has a significant influence on the de-
gree of oligomerization in p53. When p53 is considered in vivo, it would seem
that the C-terminus has an additional role, that of protecting the tetramerization
domain. These thermodynamic values can be used to distinguish the character-
istic structure and stability not only of p53 carboxy-terminal fragments or other
p53mutants, but also in the analysis of site-direct mutagenesis or other fragmen-
tation, deletion mutation, and truncation reactions. In fact the parameters deter-
mined with this universal linear third-order fitting function are essential for the
thermodynamic characterization of any interacting biological system. No other
experimental method offers a similar degree of accuracy.
2025-Pos Board B11
Structural Studies of Septin 2 in Solution
Rosangela Itri, Elisa Morande´ Sales, Julio C.P. Damalio,
Leandro Ramos de Souza Barbosa, Ana Paula Ulian Arau´jo.
Septins are GTP-binding proteins that were originally discovered in the bud-
ding yeast Saccharomyces cerevisiae cell division cycle forming filaments
that had two main functions: scaffold protein-protein interactions and act as dif-
fusion barriers regulating the intracellular localization of proteins. They are
largely found also in neurodegenerative pathologies such as Parkinson, Alz-
heimer’s diseases also solid tumors, forming highly organized fiber-like aggre-
gates known as amyloid fibrils that are mostly composed by cross-b sheets.
In the present work, we used small angle x-ray scattering (SAXS) and dynamic
light scattering (DLS) to study the formation and evolution of these aggregates
depending on temperature and concentration.
We performed SAXS measurements with the entire Septin 2 protein (SEPT2)
and its GTPase domain (SEPT2G). SAXS results indicate that, at room temper-
ature, there is a coexistence of two cylinder-like aggregates of different sizes
for both studied proteins. For low concentration of SEPT2, the length of the
smaller cylinders amounts to 170 A˚, whereas the cross-section is approximately
60 A˚-wide, consistent with elongated filaments; for the larger cylinders the
measurements were of 420 and 300 A˚, respectively.
Concerning SEPT2G, the SAXS data analysis reveals that for the lowest concen-
tration and temperature, the cylinder-like aggregate cross-section radius and the
length are equal to 30 and 180 A˚, respectively; for the longer cylinders we found
170 and 430 A˚ for the cylinder cross-section radius and length, respectively.
For both proteins, it is possible to observe the presence of a small fiber coexisting
with larger aggregates in solution that grows with the increasing of temperature
and concentration.We are nowperformingDLSmeasurements tobetter character-
ize the longer cylinders, once their lengths are not accessible to SAXS resolution.
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